In this paper we describe the appearances under the dissecting microscope and the histological appearances of jejunal biopsies taken from 36 European patients with tropical sprue who had been resident in Malaysia for a period not greater than three years. The material is therefore confined to acute tropical sprue. One of the objects of the study was to compare these results with those reported from other sprue areas, such as Puerto Rico (Sheehy, Baggs, Perez-Santiago, and Floch, 1962a) and India (Baker, Ignatius, Mathan, Vaish, and Chacko, 1962) . In addition the macroscopical appearances of the jejunal mucosa are correlated with the histological abnormalities, which have been assessed by careful measurements of sections of villi, leaves, and convolutions, and these changes are also correlated with the severity of the malabsorption as measured by the faecal fat excretion and urinary excretion of xylose. The effect of treatment is reported. One of the earliest references to the pathological change in the small intestine in tropical sprue was that of Manson (1879-80) who attributed the symptoms to a remitting inflammation of the mucous membrane of the alimentary canal. Van der Burg (1880) demonstrated clearly the appearance of quadrangular and shrunked villi which we now know is so characteristic of tropical sprue. This was confirmed by Koppisch in 1947 (quoted by Suarez, Spies, and Suarez) who performed necropsies on 16 cases of tropical sprue and noted shortening and blunting of villi in half the cases. Interpretation of these reports was made difficult by artefacts produced by autolysis, and it was not until an intestinal biopsy specimen taken at laparotomy and rapidly fixed was examined (Milanes, Leon, and Causa, 1951 ) that the essential pathological lesion was confirmed. A detailed description of the histological changes in the jejunal mucosa of six cases of tropical sprue obtained by this method was given by Butterworth and PerezSantiago (1958) .
The invention of instruments for taking intestinal mucosal biopsies by the peroral route (Shiner, 1956; Crosby and Kugler, 1957; and Brandborg, Rubin, and Quinton, 1959) was a stimulus to the investigation of intestinal malabsorption by this method. The histopathological changes in different types of malabsorption were described in detail by Shiner and Doniach (1959) who found partial villous atrophy in two patients with tropical sprue. They also demonstrated recovery of the jejunal mucosa following treatment. Butterworth, Smith, and Perez-Santiago (1959) emphasized the less severe histological changes in sprue compared with the subtotal villous atrophy usually found in idiopathic steatorrhoea and coeliac disease (Shiner and Doniach, 1959; Fone, Meynell, Harris, Cook, Brewer, and Cox, 1960; and Girdwood, Delamore, and Williams, 1961) . Unfortunately in many of the earlier studies little attention was given to the orientation of the specimens and Rubin, Brandborg, Phelps, and Taylor (1960) stated that a normal mucosa sectioned tangentially may resemble the appearance of sprue. These authors were also first to draw attention to the striking changes which occur in the gross appearance of the mucosal surface of the small intestine.
Detailed studies of the mucosal patterns seen under the dissecting microscope were made by Holmes, Hourihane, and Booth (1961a and 1961b) and ten Thije (1963) . A convoluted mucosal pattern corresponded to partial villous atrophy and a flat pavement pattern to subtotal villous atrophy. Booth (1962) has stressed the value of examining the mucosal biopsy under the dissecting microscope. In idiopathic steatorrhoea the mucosa frequently has a flat pavement pattern (Hourihane, 1963) , while in chronic tropical sprue the mucosal pattern is usually either one of leaves or convolutions (Booth, Stewart, Holmes, and Blackenbury, 1962; Klipstein, 1964) . Baker, Ignatius, Mathan, Vaish, and Chacko (1962) have never seen a flat mucosa in tropical sprue in Indians, and Sheehy, Perez-Santiago, and Floch (1962b) reported only two cases with a flat mucosa in a series of 46 Puerto Rican patients.
METHODS
The biopsies were taken from the upper two and a half feet of the jejunum using a Crosby capsule (Crosby and Kugler, 1957) . the site of biopsy being confirmed radiologically. The biopsy specimen was rapidly removed from the capsule and after gently stretching on blotting paper it was immediately immersed in 10°, buffered formol saline. After examination under the dissecting microscope, as described by Holmes et al. (1961a) . the biopsy was photographed. Following fixation it was cut in two planes at right angles and serial histological sections were prepared from conventional paraffin blocks and stained by haematoxylin and eosin and also by the periodicacid-Schiff reagent. Care was taken during embedding to orientate the specimen correctly with the long axes of the villi parallel to the cutting surface. Obliquely cut sections, as shown by incomplete villi, crypts in cross section, and absence of muscularis mucosae. were rejected and new ones prepared.
The serial section showing the tallest and most slcnder villi was selected from each biopsy and measuremcnts were made of the total mucosal thickness and the height and width of 10 villi using a calibrated micrometer eye piece at a magnification of 100. In estimating the width of villi two measurements were taken; one was the greatest external width and the other was the internal width between the basement membranes of the columnar cells at the trough of the saw-tooth. The Table I shows the mucosal patterns of the jejunal biopsies seen under the dissecting microscope in 14 European patients who had no evidence of malabsorption. Of the 14 patients, 13 had a villous and leaf pattern and one had a predominantly leaf pattern. These structures were tall and slender and had a delicate vascular pattern visible through the transparent epithelium. The mean dimensions of these mucosae are shown in Table II . In all except two biopsies the cellular infiltration of the lamina propria was mild (+). The cells were composed predominantly of lymphocytes but a few plasma cells were also present. Eosinophils were rarely seen. The columnar epithelium was tall and regular and in some cells there was basal vacuolation. 25±0-7 (20-33) ' The figures given are the mean, the standard error of the mean, and the range.
Chinese and Indians had a leaf (Fig. 2a) Fig. 2a . Note the tall transverse sections of leaves which revealed significant changes compared with European appear as villi, but with increased width compared with control subjects (Table II and was significant reduction in the mean villous height (P < 0-02), increase in internal villous width (P < 0-05), and reduction in columnar cell height (P < 0-05). The total mucosal thickness was not significantly reduced because of the glandular hyperplasia causing an increase in the subvillous thickness. These changes were apparent in the overall impression of the sections, which were classified as showing either minor abnormality or mild partial villous atrophy. In all except two biopsies, the cellular infiltration was graded as moderate (+ +) or severe (+ + +) with plasma cells being predominant. In the majority, eosinophils were also prominent. Associated with reduction in the columnar cell height there was irregularity in the nuclei and slight infiltration of the epithelium by lymphocytes. These biopsies, which were taken from mild cases of sprue, showed the earliest histological changes consisting of increased cellular infiltration and shortening and swelling of villi with loss of the saw-tooth pattern of the borders.
Biopsies from a further 14 patients showed a thickened leaf pattern. Under the dissecting microscope the appearances were those of turgid leaves of reduced height lying packed together (Fig. 5a ). In some areas there were ridges formed by the fusion of adjacent leaves which sometimes resulted in bridge formations. The mucosa was more opaque, resulting in the blood vessels being indistinct and mucus was usually present in large amounts. The mean histological measurements of these biopsies are summarized in Table II and shown diagrammatically in Figure 3 . The mean villous height was considerably reduced but the total mucosal thickness was less reduced because the subvillous thickness was increased significantly above that of the normal mean of 109 ,t as a result of glandular hyperplasia (P < 0-001) (Fig. 5b) . The mean villous external and internal widths were increased. As in the previous group the columnar cell height was reduced. Inflammatory cellular infiltration was markedly increased and in the majority there was an increase in the eosinophils in addition to plasma cells.
In 12 biopsies a convoluted pattern was seen apparently formed by the fusion of ridges to produce a complex interlacing network or honeycomb (Figs. 7a and 8a ). These convolutions appeared swollen and flattened and the vascular pattern was irregularand distorted. Thehistologicalmeasurements of this group are summarized in Table II and Figure 3 . The reduction of mean total mucosal thickness and villous height was most severe in this group. In some biopsies the severe reduction in villous height was unassociated with increase in the subvillous thickness and this resulted in mucosal atrophy (Fig. 8b) Table III (Fig. 5 ). This shows that there was moderate correlation between the severity of the malabsorption and the degree of villous atrophy (correlation coefficient 0-67). We found no correlation, however, between the faecal fat excretion and the mean villous height (correlation coefficient 0-32).
EFFECTS OF TREATMENT WITH FOLIC ACID ON THE
JEJUNAL MUCOSA The haematological responses of patients with tropical sprue to parenteral folic acid therapy has been described elsewhere (O'Brien and England, 1964) . The effect of folic acid on the jejunal mucosa of these patients is shown in Table  IV . Repeat biopsies were performed in 16 patients after treatment and although in many of these patients several biopsies were taken at intervals, only the results of the final biopsies are shown.
Of eight biopsies with a thickened leaf pattern (Table IV) , seven reverted to villi and leaves over a period from two to five months. This rapid change in mucosal pattern was associated with improvement in the histological architecture as shown by increase in the mean villous height and reduction in the transverse internal width of villi and leaves (P < 0 05) compared with the mean values before treatment. The glandular hyperplasia, shown by increase in the mean subvillous thickness, disappeared following therapy.
Improvement was also observed in eight biopsies with a convoluted pattern (Table IV) . Four remained convoluted ( Fig. 7c and 8c ) over a period of from two to nine months, but the other four, when followed for a longer period (from 10 to 18 months) developed a villous and leaf pattern (Fig. 8e) . In several of the biopsies taken from cases of more severe tropical sprue, the convolutions were ill defined, flattened, swollen, and covered by tenacious mucus (Fig. 7a and 8a) . Although during the early period following treatment these convolutions persisted, they became taller, less turgid, and more clearly outlined (Fig. 7c) . Later there was decrease in the complexity of the convolution (Fig. 8c ) and a return of leaves and villi (Fig. 8e) . There was early improvement in the histological architecture (Figs. 7d and 8d) following treatment, at a time when the mucosae remained convoluted. As shown in Table IV there was a significant increase in the mean height (P < 001) and decrease in the mean transverse internal width (P < 001) of the convolutions compared with the mean values before treatment. There was an even greater histological improvement (Fig. 8f ) in those biopsies which had recovered a leaf and villous pattern with a significant increase in the mean villous height (P < 001) and reduction in the mean internal width (P < 001) compared with the pre-treatment measurements. Although in the majority of the biopsies the mean transverse width of the villi, leaves, or convolutions returned to within the range of the control biopsies, the recovery of the height of these structures was slower and it had returned to within the range of the controls in only 56% of the final repeat biopsies. The mean columnar cell height was higher after treatment but the differences compared with the pre-treatment heights were not significant.
Following treatment the glandular hyperplasia disappeared as shown by decrease in the mean subvillous thickness (Table V) and in those biopsies with a tendency towards glandular hypoplasia (mean subvillous thickness, 79 ,t Table V), the mean subvillous thickness returned to within the normal range after treatment. There was no correlation between the rate of regeneration of the villi and the degree of glandular hyperplasia and it was frequently observed that the hyperplasia disappeared during the initial phases of recovery while the villi were still stunted.
In all cases the intensity of the cellular infiltration of the lamina propria decreased following treatment but in only six of the final repeat biopsies had it returned to normal. With treatment thickened leaves were rapidly restored to apparently normal leaves, but although the leaves become slender, histological measurements revealed that their mean height was less than normal even at the end of several months. The mucosae with convoluted patterns were more refractory to treatment, although, in those followed for a long enough period, villi and leaves developed within 12 to 18 months. The convolutions present several months after treatment were seen to be less turgid and taller, and these changes were readily seen in the histological sections which showed reduced transverse width and increased height of these structures.
DISCUSSION
In mild lesions, swelling of the villi was one of the most marked histological features and only in the more advanced lesions was there significant reduction in villous height. That swelling of villi represents oedema is supported by the early reduction of villous width and restoration of the saw-tooth pattern of the villous borders following therapy even in the severely affected mucosae. The increase in villous height was much slower and had not returned to normal even after a year, suggesting that other factors are involved. Butterworth and Perez- have postulated that disturbance in the intestinal epithelium is the result of either decreased survival or diminished production of the columnar cells of the crypts of Lieberkuhn (Leblond and Stevens, 1948) , and Doniach and Shiner (1957) have suggested that the glandular hypertrophy is an attempt to maintain an intact villous epithelium in the face of the threatened life span of the cells. We have observed marked hypertrophy of the glandular layer with increase in the subvillous mucosal thickness in moderate partial villous atrophy, but in more severe lesions this glandular hypertrophy was usually absent, and, with marked reductions in villous height, there was considerable thinning of the mucosa resulting in true mucosal atrophy. This confirms the findings of Swanson and Thomasson (1964) . Following treatment the glandular hypertrophy quickly disappeared, suggesting that the rapid epithelial cell turnover had ceased, but it was of interest to note that the glandular hypertrophy disappeared before restoration of villi to normal height. Thus, while agreeing with Holmes et al. (1961b) that the histological section is only two-dimensional and what appears to be 'villi' may in fact be transverse sections through ridges, histological sections do reflect accurately improvement in the height and reduction in the width of leaves and convolutions following therapy. Although longitudinal sections of convolutions or ridges would give the appearance of a 'flat' mucosa, this rarely occurs and can be recognized by examination of another section at right angles to the first. However, following treatment the histological appearance may be misleading because, as we have shown, a convoluted mucosa may be present when the corresponding histological architecture is apparently normal.
We agree with Butterworth et al. (1959) and Sheehy et al. (1962a) that there is a positive correlation between the histological changes and severity of the malabsorption as measured by biochemical tests. We have also found a positive correlation between the jejunal mucosal pattern and the severity of the malabsorption. This is contrary to the experience of Baker et al. (1962) who reported no correlation in Indian patients between villous architecture and the absorption of fat and xylose.
Biopsies from Asian patients without evidence of malabsorption had a high incidence of leaves and convolution which confirms the observation of Baker et al. (1962) . In addition there were histological changes varying from minor abnormality to partial villous atrophy. Similar results have been reported by Sprinz, Sribhibhadh, Gangarosa, Benyajati, Kundel, and Halstead (1962) in Thai people but its significance is unknown. It has been suggested that the highly spiced Asian diet might act as an irritant (Mollin, 1962) . Baker (1962) considered this unlikely, and our finding of tall villi and leaves in Gurkha patients, who eat a highly spiced diet, would support this view.
In conclusion we consider that the examination of the jejunal mucosa by biopsy is an essential procedure in the diagnosis and in assessing the response to treatment of patients with malabsorption in the tropics. 
